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Abstract: 

In this paper we have suggested two classes of estimators for population median M Y of the study 
character Y using information on two auxiliary characters X and Z in double sampling. It has 
been shown that the suggested classes of estimators are more efficient than the one suggested by 
Singh et al (2001). Estimators based on estimated optimum values have been also considered 
with their properties. The optimum values of the first phase and second phase sample sizes are 
also obtained for the fixed cost of survey. 
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1. INTRODUCTION 



In survey sampling, statisticians often come across the study of variables which have highly 
skewed distributions, such as income, expenditure etc. In such situations, the estimation of 
median deserves special attention. Kuk and Mak (1989) are the first to introduce the estimation 
of population median of the study variate Y using auxiliary information in survey sampling. 
Francisco and Fuller (1991) have also considered the problem of estimation of the median as part 
of the estimation of a finite population distribution function. Later Singh et al (2001) have dealt 
extensively with the problem of estimation of median using auxiliary information on an auxiliary 
variate in two phase sampling. 

Consider a finite population U={ 1,2,. . ,,i,...,N} . Let Y and X be the variable for study and 
auxiliary variable, taking values Yi and Xj respectively for the i-th unit. When the two variables 
are strongly related but no information is available on the population median Mx of X, we seek 
to estimate the population median My of Y from a sample S m , obtained through a two-phase 
selection. Permitting simple random sampling without replacement (SRSWOR) design in each 
phase, the two-phase sampling scheme will be as follows: 

(i) The first phase sample S n (S n cU) of fixed size n is drawn to observe only X in 
order to furnish an estimate of Mx- 

(ii) Given S n , the second phase sample S m (S m cS n ) of fixed size m is drawn to observe 
Y only. 

Assuming that the median Mx of the variable X is known, Kuk and Mak (1989) suggested a ratio 
estimator for the population median My of Y as 
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My = My (1.1) 
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where M Y and M x are the sample estimators of M Y and M x respectively based on a sample S m 
of size m. Suppose that y ( i), y ( 2 ), . . ., y( m ) are the y values of sample units in ascending order. 
Further, let t be an integer such that Y (t) < My <Y( t+ i) and let p=t/m be the proportion of Y, values 
in the sample that are less than or equal to the median value My, an unknown population 

parameter. If p is a predictor of p, the sample median M y can be written in terms of quantities 
as Q r (p) where p = 0.5 . Kuk and Mak (1989) define a matrix of proportions (Pjj(x,y)) as 





Y < My 


Y > My 


Total 


X < M x 


Pn(x,y) 


P 2 i(x,y) 


P i(x,y) 


X > M x 


Pi 2 (x,y) 


P 22 (x,y) 


P. 2 (x,y) 


Total 


Pr(x,y) 


P 2 (x,y) 


1 



and a position estimator of M y given by 





m y [p) = qAp y ) 
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with p^ (x, y ) being the sample analogues of the Pij(x,y) obtained from the population and m x the 
number of units in S m with X < Mx. 



Let F YA (y) and F YB (y) denote the proportion of units in the sample S m with X < M x , and 
X>M x , respectively that have Y values less than or equal to y. Then for estimating My, Kuk and 
Mak (1989) suggested the 'stratification estimator' as 

M Y {St) = inf {y:F Y (y) >0.5} (1.3) 



where F Y (y) = | [f ya (x ’ + F w "] 

It is to be noted that the estimators defined in (1.1), (1.2) and (1.3) are based on prior knowledge 
of the median M x of the auxiliary character X. In many situations of practical importance the 
population median M x of X may not be known. This led Singh el al (2001) to discuss the 
problem of estimating the population median My in double sampling and suggested an analogous 
ratio estimator as 
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(1.4) 



where M l x is sample median based on first phase sample S n . 



Sometimes even if M x is unknown, information on a second auxiliary variable Z, closely related 
to X but compared X remotely related to Y, is available on all units of the population. This type 
of situation has been briefly discussed by, among others, Chand (1975), Kiregyera (1980, 84), 
Srivenkataramana and Tracy (1989), Sahoo and Sahoo (1993) and Singh (1993). Let M z be the 
known population median of Z. Defining 
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such that E(ek)=0 and I I <1 for k=0, 1,2,3; where M 2 and M[ arc the sample median 
estimators based on second phase sample S m and first phase sample S n . Let us define the 
following two new matrices as 





Z<M z 


Z>M z 


Total 


X < M x 


Pn(x,z) 


P 2 l(x,z) 


Pi(x,z) 


X > M x 


Pi 2 (x,z) 


P 22 (x,z) 


P 3 (x,z) 


Total 


Pr(x,z) 


P 2 (x,z) 


1 



and 





Z<M z 


Z>M z 


Total 


Y < M y 


Pn(yz) 


P 2 i(y,z) 


P-i(y,z) 


Y>M y 


Pi 2 (y,z) 


P2i(y,z) 


P- 2 (y,z) 


Total 


Pr(y,z) 


P 2 -(y,z) 


1 



Using results given in the Appendix- 1, to the first order of approximation, we have 
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(4m)- 1 {M x fx(Mx)}' 2 , 



E(e 2 2 ) = ^J(4n)- 1 {Mxfx(Mx)}' 2 , 
(4m) '{Mzfz(Mz)} 2 , 



E(e 3 2 ) 
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E(e 4 2 ) = KH (4n)' 1 { M z fz(Mz) } " 2 , 
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(4m)' 1 {4P u (x,y)-l } {M x M Y fx(Mx)fY(MY)} \ 
(4n)-' {4P u (x,y)-l } {M x M Y fx(Mx)fY(MY)} \ 
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E(e 0 e 3 ) = Kn (4m)- 1 {4P 11 (y,z)-l }{M Y MzfY(M Y )fz(Mz)}- 1 , 



(4n)- 1 {4P 11 (y,z)-l}{M Y MzfY(MY)fz(Mz)}- 1 , 



E(e ie2 ) = ^J(4n)- 1 {M x fx(Mx)}- 2 , 

rN ' m ) (4m)' 1 { 4P u (x,z)- 1 } { M x Mzfx(Mx)fz(Mz) } 1 , 
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E( ei e 4 ) = \jj-\ (4n)- 1 {4P 11 (x,z)-l } {M x Mzfx(Mx)fz(Mz)} 1 , 
E(e 2 e 3 ) = p^ 1 ] (4n)- 1 {4P 11 (x,z)-l } {M x Mzfx(Mx)fz(Mz)} 1 , 






